The utility of ion-selective electrodes is being increasingly realized in view of a rapid growth of industry vis-à-vis environment concern. During the past two decades, studies on a large number of neutral ionophores with high selectivity for specific metal ions is expanding expeditiously in the field of chemical sensors. Potentiometric sensors based on ion-selective electrodes provide a simple, highly selective, precise and economic method for online monitoring of a concentrations of selected species without any sample pretreatment. These characteristics are fit for the need to measure a concentration of heavy metals produced by natural processes and human activities, which pose hazards to human beings and other organisms in the environment.
Introduction
The utility of ion-selective electrodes is being increasingly realized in view of a rapid growth of industry vis-à-vis environment concern. During the past two decades, studies on a large number of neutral ionophores with high selectivity for specific metal ions is expanding expeditiously in the field of chemical sensors. Potentiometric sensors based on ion-selective electrodes provide a simple, highly selective, precise and economic method for online monitoring of a concentrations of selected species without any sample pretreatment. These characteristics are fit for the need to measure a concentration of heavy metals produced by natural processes and human activities, which pose hazards to human beings and other organisms in the environment.
The mercury(II) ion is a type of poison, which can damage the kidney and the gastrointestinal tract. Because of its serious hazardous effect on human health, there is a strong need to develop new methods for the determination of a Hg 2+ ion in chemical and biochemical samples. Due to the excellent selectivity, neutral carrier-based potentiometric sensors are the most attractive sensors, which are routinely used for measuring a wide variety of different ions directly in complex biological and environmental samples. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The first neutral carrier-based Hg 2+ selective electrode was developed in 1986 by Lai et al. 2 However, many transition metals cause a serious interference to a electrode. Recently, although many similar Hg 2+ selective electrodes have been successfully studied, the synthesis of some carriers is difficult, 3, 4 and some of them have a much longer response time to Hg 2+ . 3, 5, 6 In this paper, we report on a new sensor based on DMFAS (Fig. 1 ) as an ionophore that shows good response and selectivity for a mercury(II) ion over alkali, alkaline and some transition metals. The potentiometric selectivity for various ions and the effect of a pH were investigated. In addition, the electrode was also applied for a determination of micro mercury(II) in vegetables and Azolla filiculoides.
Experimental

Reagents
DMFAS was synthesized as reported in a literature. 12 The plasticizer, bis(2-ethylhexyl)sebacate, and all other reagents were purchased from Shanghai Chemicals (Shanghai, China) and used without further purification. All of the chemicals used were of analytical-reagent grade. All aqueous solutions were prepared with deionized distilled water.
All potentiometric and pH measurements were made with a pH meter (MP 230, Mettler-Toledo, Switzerland) and a digital ion analyzer (Model pHS-3C, Dazhong Instruments, Shanghai, China). The UV-spectra were recorded on a Lambda 17 UV/VIS specrophotometer (PE Co., USA).
Electrode preparation
A mixture of about 125 mg of PVC, 200 mg of bis(2-ethylhexyl)sebacate as a plasticizer and 10 mg of DMFAS was dissolved in 5 ml of tetrahydrofuran. The mixture was then shaken and pored onto a square glass chip with a width of 25 mm. The solvent was allowed to evaporate at room temperature for 24 h. A semitransparent membrane of 0.5 mm thickness was obtained. The membrane was cut to size, attached to the PVC tube with the help of PVC glue and conditioned in a 1.0 × 10 -3 M Hg(NO3)2 solution for 1 day. A solution of 1.0 × 10 -2 M Hg(NO3)2 was used as the internal filling solution and a saturated calomel electrode was used as the reference electrode. The electrochemical system was as follows:
Ag-AgCl/1.0 × 10 -2 M Hg(NO3)2/PVC membrane/test solution/ Hg-Hg2Cl2, KCl(satd.).
Results and Discussion
A preliminary experiment revealed that the plasticized PVCbased membrane electrodes containing the ionophore generated stable potentials in solutions containing Hg
2+
. Among these cations, the electrode exhibited a Nernstian potential response for Hg 2+ ions from 6.2 × 10 -7 to 8.0 × 10 -2 M with a detection limit of 5.0 × 10 -7 M and a slope of 29.6 mV/decade. The response time of the electrode, tested by measuring the time required to achieve a steady state potential, within ±1 mV, was less than 30 s. The standard deviation of more 5 repeated potential measurements was less than ±1 mV. The electrode could be used over a period of 2 months without observing any significant change in a potentiometric response characteristics. The potentiometric response of the electrode was found to be sensitive to a pH and a membrane electrode was tested over the pH range of 1 -7 at a Hg 2+ ion concentration of 1.0 × 10 -2 M; the results are shown in Fig. 2 . As can been seen, the potential was constant during pH 1 -4, beyond which it decreased sharply. The potential response of the electrode incorporating DMFAS as an ionophore towards different metal ions is shown in Fig. 3 .
The selectivity is an important characteristic of the sensor, because it measures the primary ion in the presence of other cations. [13] [14] [15] [16] This is measured in terms of the selectivity coefficient (K pot Hg 2+ ,M ), which has been evaluated using a respective interference method at 1.0 × 10 -2 M.
As per a Nicolskii-Eisenman formalism, the electrode response is given by the following simplified Nernstian equation:
Where αi is the primary ion activity in a pure solution; however, in a presence of interfering ions, a Nernstian equation is modified as follows:
Hence, αj is the activity of an interfering ion, and Zi and Zj are the charge on the primary and interfering ion. As per IUPAC, a recommended separate solution (SSM) selectivity is given by log K i,j Pot = .
Using this method, αi (1.0 × 10 -2 M Hg
) and αj (1.0 × 10 -2 M interfering ion) were taken to measure the selectivity coefficients in the present studies. EA and EB mean the potentiometric response of αi and αj, respectively. S is a Nernstian slope of 29.6 mV per decade. The selectivity coefficients presented in Table 1 indicate that the sensor is selective for Hg 2+ ions in a presence of interfering ions. 1, 17, 18 The values of K pot Hg
,M are so low for divalent and multivalent ions that they indicated less interference when staying with a Hg 2+ ion. Also, monovalent ions do not show increased interference, except for Ag + , which is usual interference ion to Hg(II) ion-selective electrode, but the values of K pot Hg 2+ ,Ag + is also apparently less than other similar electrodes reported by references (see Table 2 ). 2, 5, 6, 19 Mechanism to Hg 2+ response
The unique potentiometric selectivity towards Hg 2+ must be related to the coordinate interaction between DMFAS and a Hg 2+ ion. In a DMFAS molecule, the O, N atoms in ionophores can play the role of an electron donor, 20 which can coordinate metal ions as electron acceptors. For this ionophore, the amine group with a high density of electron cloud can strengthen a coordination between the ionophore and metal ions. 1, 21 Therefore, the response mechanism of the electrode suggests that an interaction between the N and O atoms in a complex and Hg 2+ may take place (Fig. 4) . In order to verify the response mechanism concerning the selective interaction to Hg
, an UVabsorption spectra were used to determine a coordination constants (log KM) between a main metal ions and a DMFAS carrier under 25˚C. The obtained results decreased in an order of log K(Hg 2+ ), 16.8 > log K(Ag + ), 8.4 > log K(Cu 2+ ), 7.6 > log K(Co 2+ ), 4.8. Thus, the electrode based on a DMFAS carrier exhibited high potential selectivity for Hg 2+ . 22 
Preliminary Applications
Sample process
Vegetables came from fields that use garbage as a fertilizer. Azolla filiculoides came from a seriously polluted pool by a mean by metal factory. They were first cleaned by tap water, washed with distilled water, dried in the air, baked at 60˚C and crushed into a fine powder. Experiments were conducted with sample 10 g. The samples were vaporized to 20 ml being catalyzed with V2O5 and assimilated using H2SO4-HNO3. They were then moved to bottles of 50 ml capacity after adjusting an acidity to pH 2 with HNO3. Samples were tested after diluting with distilled water.
Determination of micro mercury ions in vegetable and Azolla filiculoides
We determined a recovery and a concentration of mercury ions by a standard addition method. A washed and stabilized electrode was put into a medium of 1 × 10 -2 M HNO3 and then into the sample solution, its potential value was recorded. A standard Hg 2+ solution was added into the sample solution, and its potentiometric response was recorded. The concentration of Hg 2+ was then calculated (Table 3) .
Conclusion
Based on the results discussed in this paper, DMFAS is proposed as a carrier for a construction of a PVC-based membrane ISE for mercury. This electrode exhibited good stability and sensitivity, and was easy to prepare and use. Further, it exhibited satisfactory precision for the investigated mercury concentration levels. This electrode can be used for the determination of mercury in many kinds of real samples. Due to the high resistance and durability of the electrodes, and low solubility of the carriers used in the water, the proposed electrodes can be used in real time for online determinations. Total found wF/10
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